The objective of this study was to evaluate the effect of dietary energy level reduction and xylanase inclusion on the performance and on intestinal mucosa morphometry of two-to six-week-old laying hens. In total, 400 Hy-line W36 laying hens were distributed according to a completely randomized design in 2 x 2 factorial arrangement (energy level x inclusion of xylanase), totaling four treatments with 10 replicates of 10 birds per experimental unit. The following treatments were evaluated: positive control (balanced diet); positive control + xylanase; negative control (diet with of 100 kcal ME reduction /kg); negative control + xylanase. Body weight, weight gain, feed conversion ratio, uniformity and livability were not influenced by diets with metabolizable energy reduction and xylanase inclusion; however, the addition of xylanase to the diets resulted in shallower crypts depth and greater villus:crypt ratio in the ileum. The energy reduction of the diet associated with the supplementation of xylanase did not influence performance, but increased the feed intake of 2-to 6-week-old laying hens and increased villus height in the ileum of 6-wk-old hens. Xylanase reduces crypt depth in the ileum of 6-week-old hens.
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IntRoduCtIon
Due to genetic improvement, layers have become more productive birds, presenting lower body weight and lower feed intake. Consequently, the greatest challenge today is to supply the higher nutritional requirements of modern layers. The rearing phase is considered the most sensitive. Adequate nutritional management during growth determines subsequent layer performance. In this context, alternatives have been sought for the formulation of more effective and economical feeds, considering that the diet accounts for the highest cost in poultry production. Improvements in energy efficiency should be directed for maximum nutrient utilization when traditional and alternative feedstuffs are included in the feed (Jaroni et al., 1999) .
Corn is one of the main ingredients of poultry feeds, and the utilization of its nutrients should be optimized. Although corn is considered easily digestible by birds, there is evidence that the presence of resistant starches may limit corn energy value (Weurding et al., 2001) . Therefore, the supplementation of diets containing corn with exogenous enzymes may contribute to adjust nutritional levels in poultry diets.
The use of exogenous enzymes in diets of laying hens promote better performance during the growing phase and better flock uniformity, as well as reduce the excretion of minerals, with resulting lower environmental pollution (Olukosi et al., 2008) . Xylanases are enzymes used in the nutrition of monogastric animals mainly to enhance the
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digestion of nutrients enclosed within plant cells that not accessible to the action of endogenous secretions because poultry and pigs are not able to break down the cell wall of plants. Furthermore, some enzymes seem to modulate the intestinal microflora, and consequently change the structural morphology of the intestinal villi. In this context, the supplementation of xylanase may change the development of the intestinal microflora, including those associated to the mucosa (Hubener et al., 2002) .
The objective of this study was to evaluate the effects of the reduction of dietary energy level reduction and of the dietary inclusion of xylanase on the performance and on the intestinal mucosa morphometry of laying hens during the period of 2 to 6 weeks of age.
MAteRIAl And MethodS
A total of 400 Hy-line W36 laying hens between two and six weeks of age were housed in battery cages (1.00 x 0.50 x 0.60 m) equipped with a feeder inside the front of the cage and nipple drinking system. The room was heated using gas brooders.
Birds were distributed according to a completely randomized design in 2 x 2 factorial arrangement (energy level x xylanase inclusion), totaling of four treatments with 10 replicates of 10 birds each. The following treatments were applied: positive control (balanced diet to supply the nutritional requirements); positive control + xylanase; negative control (diet with a reduction of 100 kcal ME/kg = reduced); negative control + xylanase. The mash diets were based on corn and soybean meal and were formulated to meet the requirements recommended by Rostagno et al. (2005) , except for the energy level of the negative control diets (with or with no inclusion of xylanase) ( Table 1 ). Water and feed were offered ad libitum. The xylanase product (ECONASE XT25 ® ), produced by the microorganism Trichoderma reesei, was added to the diets at 100 g/tonne, equivalent to an enzyme activity of 16,000 BXU/kg.
The experimental diets and the main feedstuffs were submitted to the Enzyme Services & Consultancy Laboratory (ESC), Ystrad Mynach, Wales, UK, for the analysis of the enzymatic activity of xylanase. Analyses were performed according to the methodology of CRL 
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-Feed Additives (2008), which basically consisted of measuring the release rate of water soluble fragments (arabinoxylan) by the action of endo-1,4-β-xylanase. Birds of each replicate and feed residues were weighed every two weeks to obtain body weight, weight gain, feed intake and feed conversion ratio values. On the same day, birds were individually weighed to determine group uniformity, which considered for the calculation birds which body weight was ± 10% of mean weight of each replicate. Mortality, environmental temperature and relative air humidity were monitored daily.
For intestinal mucosa morphometric analysis, in week 6, one bird was randomly chosen per replicate, feed fasted for about 8 hours, and sacrificed by cervical dislocation. Approximately 5 cm segments of small intestine were collected from the duodenum (from the pylorus to the distal portion of duodenal loop), jejunum (from the distal portion of duodenal loop to Meckel's diverticulum), and ileum (anterior portion of the ileocecal junction).
Samples were washed with saline solution to remove the intestinal contents and fixed, still intact, in Bouin solution for 24 h, and then placed in 70% alcohol. Subsequently, samples were embedded in paraffin, serially cut in 5-mm thick sections, and stained by the method of hematoxylin and eosin.
Images were captured by light microscopy, using the computerized image analyzer system Axion Vision (version 4.6, Zeiss®). The height of 20 villi and the depth of 20 crypts were measured per each segment in order to determine villus height, crypt depth, and villus height:crypt depth ratio (villus:crypt ratio).
The obtained data were submitted to analysis of variance using by the PROC GLM procedure of SAS statistical package at 5% probability level.
ReSultS And dISCuSSIon
Average maximum and minimum temperature and relative humidity recorded during the experimental period were 30.8 and 25.9ºC, and 55.8 and 43.3%, respectively.
The chemical composition values, on fresh-matter basis, of the corn included in the diets fed between 2 to 6 weeks (Table 2) were similar to those reported by Rostagno et al. (2005) , who reported corn composition values on fresh matter basis of 62.4, 8.26, 3 .61 and 1.73% for starch, crude protein, fat and crude fiber contents, respectively. Corn vitreousness (68.80%) was close to that found by Cantarelli et al. (2007) for semi-dent and dent corn (68.2% and 75.9%), which digestible energy values and coefficients of dry matter and crude protein digestibility for pigs were lower than those of corn hybrids with lower vitreousness. Vitreousness is a result of the ratio between vitreous endosperm and total endosperm (Corrêa et al., 2002) . As vitreous endosperm presents certain resistance to the action of digestive enzymes, its ratio to floury endosperm can directly affect corn digestibility (Cantarelli et al., 2007) .
The average index of protein solubility of the corn added to the diets in this study was 56%, which indicates that corn presented good quality when compared with the optimal value obtained by Métayer et al. (2009) , which was equal to 33%. High protein solubility indexes may hinder the contribution of enzymes, i.e., the best corn quality may not always promote favorable effects of enzyme supplementation.
Although corn may not have important effects on digesta viscosity, passage rate and water retention capacity because its non-starch polysaccharide (NSP) levels are low, its nutritional values may considerably vary (Cowieson, 2005) , influencing the efficiency of its utilization by poultry.
The determination of xylanase levels in the experimental diets and main feedstuffs (Table 3) confirms the presence of enzyme in the feed; however, the obtained values presented were higher than expected, including in diets with no inclusion of xylanase. ¹Required energy, according to Rostagno et al. (2005) . Reduced energy: diets with a reduction of 100 kcal ME / kg relative to the diets with required energy.
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The high enzyme activity levels obtained in the diet not supplemented with exogenous xylanase may be attributed to the presence of endogenous corn xylanase or to diet contamination with microorganisms (Cowieson & Ravindran, 2008) . This may have interfered with the analysis results, but it does not mean they necessarily present in vivo effect because they have low resistance in the gastric environment. Independently of the values found, xylanase was present in the diets at levels above the minimum guaranteed levels by the manufacturer.
Feed intake was affected by the interaction between energy and enzyme (p<0.05). On the other hand, no differences in body weight, weight gain, feed conversion, uniformity or livability were detected when diets with reduced metabolizable energy (reduction of 100 kcal/kg; ~ 3.45%) and xylanase inclusion were fed to laying hens between 2 and 6 weeks of age (Table 4) .
Layers fed the diet with the energy level required for their age (required) and supplemented with xylanase presented lower feed intake, suggesting that the inclusion of the enzyme in the diet supplied higher nutrient levels than those required by the birds. On the other hand, the birds fed diet with reduced energy level and supplemented with xylanase presented higher feed intake, probably in an attempt to compensate for the dietary energy deficiency diet (Table 5) . (2005); reduction of 100 kcal ME/kg relative to ME requirements. ²Coefficient of variation.
The obtained results partially agree with Choct et al. (1999) , who did not find any significant differences in feed intake, weight gain, or feed conversion of broilers fed diets based on wheat bran. Cowieson & Ravidran (2008) reported that broilers fed a diet which energy level was reduced in approximately 5% obtained lower weight gain and worse feed conversion between 1 and 21 days of age; however, weight gain increased 
in 6% and feed conversion ratio improved in 6 points when the diets based on corn and soybean meal were supplemented with an enzyme blend (amylase + protease + xylanase). Novak et al. (2007) observed that the reduction of metabolizable energy level in 3%, associated with supplementation of an enzyme complex (amylase + protease + xylanase) to diets based on corn and soybean meal increased the weight gain (421g) of laying hens between 0 and 6 weeks of age. However, no significant differences in flock uniformity were detected, as in the present study. Those authors found slight reduction in feed intake of laying hens during the period of 6-10 weeks when a diet with 3% reduction in energy levels was supplemented with an enzyme blend (amylase + protease + xylanase), but no effect on weight gain and flock uniformity during the period of 0 to 18 weeks.
Duodenal villus height and villus:crypt ratio were influenced by the interaction between energy level and enzyme supplementation (p<0.05), but not crypt depth (p>0.05), as shown in Table 6 . Tabela 6 -Villus height, crypt depth and villus:crypt ratio in the duodenum of 6-week-old layers fed the experimental diets¹. Rostagno et al. (2005) ; RED: reduced energy level, with a reduction of 100 kcal ME/ kg relative to ME requirements. ²Coefficient of variation. ³ Deployment of significant interactions (p<0.05) between factors are presented in Table 7 .
The lowest villus height and villus:crypt ratio values in the duodenum were obtained in layers fed the diets with 100 kcal ME/kg reduction and supplemented with xylanase (Table 7) . Xylanase supplementation increased villus height in laying hens fed diets containing the energy level required for their age. Rostagno et al (2005) ; reduction of 100 kcal ME/kg relative to ME requirements. ²Coefficient of variation.
Crypt depth and villus:crypt ratio in the jejunum were affected by the interaction between energy level and enzyme supplementation(p<0.05), as presented in Table 8 . The reduction in the energy level of the diet in 100 kcal/kg decreased (p<0.05) villus height in the jejunum. Jejunal villus height was not affected by xylanase supplementation (p>0.05). This is consistent with the results of Baurhoo et al. (2011) , who evaluated jejunal villi of broilers and did not find any effect on villus height when xylanase was supplemented to corn-based or Canadian pearl millet-based diets. Rostagno et al. (2005) ; RED: reduced energy level, with a reduction of 100 kcal ME/kg relative to ME requirements. ²Coefficient of variation. ³ Deployment of significant interaction (p<0.05) between factors is presented in Table 9 .
Dietary xylanase supplementation reduced crypt depth in the jejunum of laying hens fed the diet containing the energy level recommended by Rostagno et al. (2005) , and consequently presented higher villus:crypt ratio ( Table 9 ). The worst villus:crypt ratio in the jejunum was observed in the birds fed with diet supplemented with xylanase and reduced energy level. Rostagno et al (2005) ; reduction of 100 kcal ME/kg relative to ME requirements. ²Coefficient of variation.
Ileal villus height was influenced by the interaction between energy level and enzyme supplementation (p<0.05). The supplementation of xylanase influenced crypt depth and villus:crypt ratio (p<0.05). Crypt depth and villus:crypt ratio were not affected (p>0.05) by the reduction in dietary energy level. The presence of xylanase in the diets resulted in lower crypt depth and consequently higher villus:crypt ratio (Table 10 ), indicating that xylanase reduced energy expenditure for tissue renewal, and consequently, the energy that could be used for growth. Differently from the present study, Owens et al. (2008) found no effect of dietary xylanase supplementation on villus height or crypt depth in the ileum of broiler chickens. The authors attributed the lack of effect of xylanase to the absence of challenge during the experimental period. Rostagno et al. (2005) ; RED: reduced energy level, with a reduction of 100 kcal ME/kg relative to ME requirements. ²Coefficient of variation. ³ Deployment of significant interactions (p<0.05) between factors are presented in Table 11 .
The reduction of energy in 100 kcal/kg in diets with no xylanase supplementation resulted in lower ileal villus height, and xylanase supplementation increased villus height in the ileum of laying hens fed the diet with reduced energy (Table 11) .
Tabela 11 -Deployment of the effect of the interaction between dietary energy level and xylanase supplementation on villus height of the ileal mucosa of 6-week-old layers fed the experimental diets. Rostagno et al (2005) ; reduction of 100 kcal ME/kg relative to ME requirements. ²Coefficient of variation.
